ABSTRACT Hepatitis C virus (HCV) infection continues to disproportionately affect incarcerated populations. New HCV drugs present opportunities and challenges to address HCVin corrections. The goal of this study was to evaluate the impact of the treatment costs for HCV infection in a state correctional population through a budget impact analysis comparing differing treatment strategies. Electronic and paper medical records were reviewed to estimate the prevalence of hepatitis C within the Rhode Island Department of Corrections. Three treatment strategies were evaluated as follows: (1) treating all chronically infected persons, (2) treating only patients with demonstrated fibrosis, and (3) treating only patients with advanced fibrosis. Budget impact was computed as the percentage of pharmacy and overall healthcare expenditures accrued by total drug costs assuming entirely interferon-free therapy. Sensitivity analyses assessed potential variance in costs related to variability in HCV prevalence, genotype, estimated variation in market pricing, length of stay for the sentenced population, and uptake of newly available regimens. Chronic HCV prevalence was estimated at 17 % of the total population. Treating all sentenced inmates with at least 6 months remaining of their sentence would cost about $34 million-13 times the pharmacy budget and almost twice the overall healthcare budget. Treating inmates with advanced fibrosis would cost about $15 million. A hypothetical 50 % reduction in total drug costs for future therapies could cost $17 million to treat all eligible inmates. With immense costs projected with new treatment, it is unlikely that correctional facilities will have the capacity to treat all those afflicted with HCV. Alternative payment strategies in collaboration with outside programs may be necessary to curb this epidemic. In order to improve care and treatment delivery, drug costs also need to be seriously reevaluated to be more accessible and equitable now that HCV is more curable.
INTRODUCTION
Hepatitis C virus (HCV) infection continues to be a major public health concern, affecting an estimated 2.3 to 5.2 million individuals in the USA. [1] [2] [3] [4] The Centers for Disease Control and Prevention (CDC) has recommended that individuals born between 1945 and 1965 be uniformly educated, screened, and properly linked to HCV care and treatment, given that this cohort accounts for 75 % of infections. [5] [6] [7] [8] [9] The economic burden from HCV-related morbidity and mortality in the near term will largely be attributed to this cohort as the HCV-positive population ages and develops cirrhosis. 6 Early detection and treatment of infection is necessary prior to development of cirrhosis to avoid these costs. 1, 5, 10, 11 While recommendations for uniform screening based on the age cohort are becoming more widely embraced, targeted screening within key high-risk groups remains important. 1, 4 Incarcerated individuals are at high risk for HCV due to higher rates of transmission risk behaviors among those incarcerated, such as injection drug use. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] A 2013 meta-analysis estimated the HCV prevalence in general detainees to be 26 % worldwide and 29 % in North America. 16 As HCV testing in corrections is not mandatory in most jurisdictions, the variable prevalence of diagnosed HCV may in part reflect different screening and management practices. Given that many individuals often relapse to high-transmission-risk behaviors upon release and transmit the virus to others, HCV continues to be an important public health concern.
The US Supreme Court established that incarcerated populations have a constitutional right to adequate healthcare. 21 This is typically interpreted to mean that incarcerated individuals should receive care comparable to the standard for persons with access to care in the community. 22 Clear treatment standards for hepatitis C have been lacking due to the risks associated with prior therapies and inadequate treatment responses. Prior to 2011, treatment was limited to pegylated-interferon (IFN) and ribavirin (RBV) with cure rates often less than 50 % for patients with the most common genotype, genotype 1, with significant associated toxicities. Protease inhibitors were added in 2011, which improved cure rates for genotype 1 but added additional toxicities. 23 Although treatment uptake in correctional settings was limited, successful treatment initiatives have been described. [24] [25] [26] [27] In November and December of 2013, the US Food and Drug Administration (FDA) approved simeprevir (SMV) and sofosbuvir (SOF) for the treatment of chronic HCV, and combination use of these two drugs introduced a shorter, off-label interferon-free regimen for all genotypes with sustained virologic rates (SVRs) greater than 70 %. SVRs as high as 97 % were achieved in genotype 2 patients with SOF+RBV combination therapy. 28, 29 In the fall of 2014, SOF and ledipasvir (LDV) together were approved as a fixed-dosed combination and SOF+SMV were approved as combination therapy. More recently, the FDA has approved the co-formulated ombitasvir, paritaprevir, and ritonavir with dasabuvir regimen (OBV/PTV/r+DSV) for genotype 1 patients and those with advanced cirrhosis, also eliminating RBV in some cases. [30] [31] [32] These therapies, and others anticipated over the next 1-2 years, bring the probability of cure to greater than 90 % for most patients and genotypes and have made interferon-free therapy the standard for HCV treatment. [33] [34] [35] These all-oral therapies come, however, at a substantial cost, with SOF individually priced as high as $84,000 and SOF/LDV priced at $94,500, both for a 12-week course. 36, 37 SMV was priced comparably at $66,000 for 12 weeks making the total cost of SOF/SMV combination therapy up to $150,000. The substantial costs that could ensue from rapid uptake to these new treatments have caused insurance payers, particularly Medicaid, to put forth prior authorization requirements and in some cases, refuse or delay coverage to control costs. 37, 38 Recently, a cost-effectiveness study found that treatment of HCV with SOF for genotype 1 patients was cost-effective for certain incarcerated subpopulations but also acknowledged issues of divided benefits and affordability to the correctional system. 39 Thus, long-term cost-effectiveness may still prove to be unfeasible in the context of fixed correctional health budgets. Given the minimal toxicity of these new therapies, correctional health systems may face difficulty rationalizing treatment deferral on medical grounds, creating a potential financial and liability risk.
The goal of this study was to evaluate the clinical burden of hepatitis C within a state department of corrections in order to assess the potential financial impact of these new therapies. We reviewed clinical records to generate a current prevalence estimate for hepatitis C in the correctional population and applied this estimate to inform a budget impact analysis of treatment uptake according to current guidelines. With millions of incarcerated individuals released back into communities annually, evaluating the budgetary implications of new therapeutics in correctional settings is critical to guide treatment policy in this new era of hepatitis C treatment. 14 Specific to the RIDOC population, studies have reported HCV prevalence rates from 23 to 27 %. 12, 25, 40, 41 We conducted a cross-sectional survey of all incarcerations at RIDOC as of February 2014 and reviewed the electronic medical records (EMR) for data on screening uptake and clinical characteristics (see Fig. 1 ). All charts were reviewed for individuals with a hepatitis C ICD9-coded diagnosis or diagnoses potentially consistent with hepatitis C such as cirrhosis (070.44, 070.54, 571.4, 571.5, 573.1, 573.2, 573.3). From the remaining population, we selected a 10 % random sample for validation and additional review in order to obtain sufficient subjects to estimate the prevalence of hepatitis C among those without documentation in the electronic record of their hepatitis C status. Given previous prevalence estimates from studies in Rhode Island, we predicted that a 10 % sample of the population would yield Prior HCV treatment was recorded either based on provider notation of prior treatment or recorded treatments in patients' medication logs. Patients were considered treatment naïve if there was no record or if a provider had noted no prior treatment. Demographic variables-age as of February 2014, sex, and race-were obtained from patients' EMRs. Age was stratified into four categories-B18 to 28,^B29 to 38,^B39 to 48,^and B49 and older^-for confidentiality to prevent reverse identification. For the sample of individuals who were HCV-positive, we obtained anticipated release dates and calculated the remaining length of stay as of February 2014, when data was collected.
METHODS

This
Within the 10 % validation sample, we used chi-square tests to compare population demographics between those with known and unknown HCV status. HCV prevalence in the total population was then estimated assuming that those with unknown HCV status were similar to those with known HCV status.
The estimated HCV prevalence and distribution by genotype and fibrosis staging, along with treatment history for certain genotypes, was used to inform the budget impact analysis. To determine the estimated prevalence of infected persons, patients identified based on ICD9 coding were weighted as one individual and patients from the 10 % validation sample were weighted as ten individuals. We then calculated the proportion of sentenced HCV-positive inmates with at least 6 months remaining and applied this distribution to those with active infection for a practical estimate of those who would be treatment eligible. To inform treatment course and duration, we generated the genotype distribution and the distribution of fibrosis staging by whether a patient was treatment naïve or experienced. For cost projection purposes, we assumed that treatment history, genotype, and staging in our analytic sample are representative of the overall population of persons with active hepatitis C.
The RIDOC 2014 budget is publicly available from the Rhode Island State Budget Office. 43 Total costs of HCV medication guidelines by the American Association for the Study of Liver Diseases (AASLD) and Infectious Diseases Society of America (IDSA) as of January 2015 with cure rates from clinical trials is summarized in Table 1 . 28, 29, 44, 31, 32, 45 For the purposes of calculating total medication costs, we assumed entirely interferon-free regimens with the highest SVRs from clinical trials across all genotypes, given the current community standard of care. For genotypes 1 and 4, we calculated total drug costs of a SOF/LDV regimen, with varying duration of 8 to 24 weeks based on fibrosis and treatment history for genotype 1 patients. For genotypes 2 and 3, we calculated costs of a SOF+RBV regimen for 12 to 24 weeks according to current guidelines. We did not include costs for personnel, follow-up visits, or other laboratory work. Total costs were computed assuming that all patients would complete treatment while incarcerated at RIDOC.
We analyzed total drug costs of three treatment strategies: (1) treating all those eligible with chronic infection, (2) treating patients with any demonstrated fibrosis, and (3) treating only patients with advanced fibrosis. For each strategy, we computed the total drug costs sustained by RIDOC and the cost per patient cured with data from clinical trials. We calculated budget impact as the proportion of the correctional pharmacy budget and overall healthcare budget accrued by total drug costs.
Sensitivity analyses were performed to evaluate the impact of varying parameters for each strategy on the budget. We selected the total drug costs of treating all 24, 25 To capture hypothetical market pricing of newly available and upcoming therapies, we projected costs given either 25 or 50 % reduction or an increase by 25 or 50 % based on current total medication costs. To further account for incarceration periods, we assessed treating those with a remaining length of stay of at least 3 months, at least 9 and 12 months or more. Given the recent approval of coformulated OBV/PTV/r+DSV, we analyzed the total costs of treatment with a 12 week regimen for genotype 1 non-cirrhotic and genotype 4 patients and a 24-week regimen for genotype 1 cirrhotic patients. Due to unavailable data, we did not differentiate between genotypes 1a and 1b for this portion of the analysis. SAS 9.3 was used for all statistical analyses.
RESULTS
The RIDOC population at the time of sampling was 3227 individuals. Out of 177 individuals with potentially related ICD9 diagnoses, 160 patients were confirmed to be HCV positive, one patient was negative, and 16 patients had no record of exposure (see Fig. 2 ). Out of 305 patients sampled from the remaining population, 10 (3 %) patients were identified as HCV positive, 36 (12 %) patients were negative, and 259 (85 %) patients had no record of screening. Demographic characteristics of the analytic sample are depicted in Table 2 . The majority of the HCV-positive population were 49 years and older (47 %), white (75 %), and male (95 %). With respect to age group, sex, and race, there were no significant differences between those with known and unknown HCV status (p value=0.10, 0.66, 0.53, respectively). The 16 individuals with provider documented HCV infection but no documented laboratory results were assumed to be chronically infected for the budget impact analysis giving a total of 176 HCV positives and one negative in the ICD9 group. When the known prevalence in the sample group (22 %) is applied to the 259 unknowns, this results in 56 additional positives and 203 negatives. After appropriate weighting, we calculated an estimated prevalence of 26 % or 836 HCV-antibody-positive individuals at RIDOC.
Clinical characteristics of HCV-positive individuals are summarized in Table 3 with estimations for our budget impact analysis setup. Among HCV-antibody positives, 71 % were treatment naïve and 67 % had chronic infection, lending to a 17 % HCV prevalence rate in the entire RIDOC population. Among those with confirmed genotype (n=71, 62 %), 69 % were genotype 1, 8 % were genotype 2, 18 % were genotype 3, and 6 % were genotype 4. For patients with available biopsy results (n=33, 19 %), 9 % had 
9 (25) 93 (36) 0 (0) 9 (25) 93 (36) 29 to 38
29 (25) 17 (45) 73 (28) 4 (40) 16 (44) 72 (28) 39 to 48 43 (27) 7 (19) 62 (22) 3 (30) 7 (19) 57 (22) 49 and older 95 (47) 4 (11) 47 (15) 3 (30) 4 (11) 37 ( 17 (46) 114 (45) 8 (80) 16 (46) 105 (45) Black 27 (12) 11 (31) 70 (30) 0 (0) 11 (31) 69 (30) Hispanic 23 (14) 8 (23) 59 (25) 1 (10) 8 (23) 58 (25) a p values based on no fibrosis, 55 % were stages 1-2, and 36 % were stages 3-4. Given these clinical characteristics, we project that 327 individuals (10 % of the total RIDOC population) would be eligible for treatment based on a length of stay of at least 6 months remaining, with a majority being genotype 1 (n=225) and stage 1-2 fibrosis (n=178) patients. The results of our budget impact analysis are summarized in Table 4 . If RIDOC were to initiate treatment for all sentenced inmates with 6 months or more remaining under current treatment guidelines, assuming entirely interferon-free regimens across all genotypes, it would cost an estimated $34 million-nearly twice the overall correctional healthcare budget and almost 13 times the pharmacy budget. Treating patients with any fibrosis would result in a budget impact of almost 12 times the pharmacy expenditures. Treating only advanced fibrosis patients would cost about $15 million, about three quarters the entire overall healthcare budget and over five times the allotted pharmacy budget. The estimated cost per patient cured ranges from $110 to 130,000 across all treatment strategies.
Our sensitivity analysis results are shown in Fig. 3 . Our reference point is $34 million under current pricing for treating sentenced inmates with at least 6 months Estimates based on weighted percentages applied to cross-sectional census of RIDOC population as of February 2014. Percentages may not sum to 100 % due to rounding. Genotype distribution was applied to estimated number of chronic infections. Staging distribution was applied to estimated genotype frequencies. Treatment history was estimated among all HCV Ab(+) individuals remaining. When hypothetical cost projections for newly available therapies were varied, we see significant deviations from our initial analysis. Under a 50 % cost reduction from current pricing, treating everyone would cost about $17 million and treating only advanced fibrosis patients would cost about $8 million. Relative to incarceration time, electing to treat only those with at least a year remaining would cost about $28 million for all chronic infections and $12 million for advanced fibrosis patients. Assuming that genotypes 1 and 4 are only treated with the recently approved OBV/PTV/r+DSV regimen with RBV rather than a SOF/LDV combination regimen, treating advanced fibrosis patients would cost about $19 million. 
DISCUSSION
The improved efficacy of HCV therapy offers an important public health opportunity to curb the HCV epidemic by scaling up treatment. Treatment with new therapies, however, while it offers multiple potential benefits, is cost prohibitive, as observed with the significant budget impact of treating only those eligible for treatment based on length of stay, comprising 10 % of the total population. In the face of limited resources, prioritizing treatment for those with advanced fibrosis has been recommended given the potential for near term morbidity and mortality and the associated costs to the health system. 5, 10, 14, 46 This restrictive treatment scenario would incur costs that amount to 76 % of the current correctional health budget in Rhode Island. This scenario is similar to restrictions placed on treatment under Medicaid in the community and thus to some extent, reflects the community standard of care. Extending treatment to all persons with HCV would incur pharmacy costs nearly twice the current overall correctional health budget. It is clear that treating all those infected as a public health prevention strategy would require additional specific, substantial funding for hepatitis C treatment.
Cost effectiveness analyses for treatment of hepatitis C have focused on the potential of treatment to prevent development of cirrhosis as well as to prevent the complications of cirrhosis. 39, [47] [48] [49] The benefit of curing hepatitis C in this regard has been well established. 1, 5, 10 It is important to recognize that these cost savings are to the system as a whole. Departments of corrections will realize those savings only for those likely to develop complications while incarcerated, which includes those with advanced fibrosis and those with very long-term sentences. Given the potential benefit to the community of effective management of hepatitis C in corrections, strategies for providing additional support from outside the existing correctional health budgets will be needed.
With the approval of the SOF/LDV combination and the co-formulated OBV/ PTV/r+DSV, priced at $63,000 to 83,500 per patient, the total cost of treatment for non-cirrhotic genotype 1 patients has decreased 10-30 % compared to the previously recommended SOF+IFN+RBV regimen in late 2013 (Table 1) . Though further reductions are expected, the pace of declining costs over subsequent years is unlikely to be as dramatic. Even with an additional 50 % reduction from the current lowest price for currently approved interferon-free treatment options, the total costs of treatment would remain over $8 million dollars, exceeding the current budget for pharmaceuticals for the correctional health system. Competition leading to price reductions is not expected to make wide-scale treatment in corrections feasible.
The reduction in treatment duration to 12 weeks or for some even 8 weeks (SOF/ LDV) could afford the opportunity to treat unsentenced individuals and individuals with short-term stays in corrections. However, it is clear from this analysis that treating only those with longer stays (at least 12 months) is still cost prohibitive with current the budget at $28 million. Extending treatment to unsentenced individuals also creates the potential for release during treatment, lending to treatment interruption. Given the cost of these therapies, testing with linkage to care in the community is a better strategy for these individuals.
The Federal Bureau of Prisons has released an interim set of guidelines for HCV treatment in prisons in which correctional institutions are encouraged to prioritize treatment for individuals with advanced fibrosis, liver transplant recipients, HIV coinfected individuals, individuals with HCV-related comorbidities, and individuals who were already on a treatment course prior to incarceration. 46 These guidelines are being adopted as an initial framework in many departments of corrections, including RI. Efforts are currently underway to enhance testing and staging among those incarcerated with expansion of treatment within this framework, initially prioritizing treatment of sentenced individuals with advanced fibrosis patients and an adequate length of stay in order to complete treatment. With the recent expansion of treatment options as of early 2015, budget deficits are expected which will need to be resolved. 50 The 15 % screening rate among the validation sample highlights the low uptake to screening overall in the correctional population. Though not an intentional policy, the lack of systematic screening for hepatitis C has passively limited uptake to treatment and by extension, treatment costs. Even if individuals are not treated while incarcerated, screening-incarcerated individuals can provide education and harm reduction opportunities and can trigger active linkage to care in the community at the time of release. Building active linkage programs following release offers a means of meeting public health goals and legal requirements with limited costs to the correctional health system, particularly for those awaiting trial or with indeterminate length of stay. New York's continuity of care intervention in 2004 is an example of such a program, where the NY Department of Health and Department of Corrections collaborated to provide HCV therapy for those infected prisoners with short or indeterminate length of stay. 51 While EMR data utilized in this budget impact analysis portray the most current information on the HCV burden in corrections, missing data for relevant HCV variables among all incarcerations present potential bias in estimating prevalence and other clinical distributions. Our analytic sample encompassed 15 % of the RIDOC population and included all potentially HCV-positive individuals based on recorded diagnoses. The rate of hepatitis C positivity among those without coded diagnoses was low. We relied on both physician-recorded diagnoses and lab results to assess HCV positivity, leading to potential bias if physicians noted HCV positivity based on inaccurate patient recall. In our validation sample, only 46 out of 305 patients (15 %) had identifiable records documenting HCV status. While oversampling ICD9-coded records may also have inflated our results, applying the appropriate weighting to each subsample yielded a 26 % prevalence estimate which is remarkably consistent with previously reported rates in Rhode Island. 12, 25, 40 Only 42 % of patients had an available genotype. In the near term, this may impact costs but as more pangenotypic therapies become available in the next few years, genotype will become less of a cost driver. Only 19 % of our sample had a biopsy result but the fibrosis distribution of fibrosis scores was notably consistent with previously published data in an HCV cohort study on liver fibrosis prevalence. 52 Persons with advanced fibrosis may be more likely to show symptoms and come to attention of providers, leading to a potential bias towards more advanced fibrosis among those biopsied. Even if the prevalence of advanced fibrosis was significantly less among those undiagnosed or not yet staged, the costs of treatment can still be expected to be prohibitive.
Our initial analysis assumes that all patients with active hepatitis C are candidates for treatment and does not account for variability in treatment options in a given setting. In practice, the ultimate decision to treat a patient varies as providers consider additional factors, comorbidities, and medical history that would either encourage or defer patients from a particular treatment option. Although missing data is a concern, uncertainty is expected with any budget impact analysis.
given the large discordance between the treatment cost and the available correctional health budget, as observed in our sensitivity analysis with multiple varying parameters. The issue at hand is not the exact dollar amount that these projections provide, but the order of magnitude of the costs and the implications for corrections to undertake widespread HCV treatment in clinical settings.
CONCLUSION
Costs associated with hepatitis C are projected to escalate over the next several decades if substantial efforts are not made to increase testing and treatment uptake for high-risk individuals. 7, 8 Finding other means of financially supporting HCV treatment in corrections is critical if correctional institutions are to provide the community standard of care as opposed to the alternative of neglecting to treat. Nevertheless, we also contend that the rising cost of therapy goes beyond merely a Bsticker shock^phenomenon and needs to be seriously reevaluated. Corrections have inherited an important public health opportunity to address the HCV epidemic. It is unrealistic, however, to expect correctional facilities to attempt widespread HCV treatment with the currently available budgets. As more all-oral regimens are approved, treatment strategies that are both realistically cost-effective and public health conscious will be needed. In addition, for the HCV epidemic to have any hope of eradication, treatment must be accessible and equitable, especially for more vulnerable populations.
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